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l2\ 
PROCESSOR 

A cache memory system and method includes a DRAM 
having a plurality of banks, each of Which may be refreshed 
under control of a refresh controller. In addition to the usual 
components of a DRAM, the cache memory system also 
includes 2 SRAMs each having a capacity that is equal to the 
capacity of each bank of the DRAM. In operation, data read 
from a bank of the DRAM are stored in one of the SRAMs 
so that repeated hits to that bank are cached by reading from 
the SRAM. In the event of a Write to a bank that is being 
refreshed, the Write data are stored in one of the SRAMs. 
After the refresh of the bank has been completed, the data 
stored in the SRAM are transferred to the DRAM bank. A 
subsequent read or Write to a second DRAM bank under 
going refresh and occurring during the transfer of data from 
an SRAM to the DRAM is stored in the second bank. If, 
hoWever, the second bank is being refreshed, the data are 
stored in the other SRAM. By the time data have been stored 
in the SRAM, the SRAM previously used to store Write data 
has transferred the data to the ?rst DRAM bank and in thus 
available to store a subsequent Write. Therefore, an SRAM 
bank is alWays available to store Write data in the event the 
DRAM bank to Which the data are directed is being 
refreshed. 
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METHOD AND SYSTEM FOR USING DYNAMIC 
RANDOM ACCESS MEMORY AS CACHE 

MEMORY 

TECHNICAL FIELD 

[0001] The present invention is directed memory devices, 
and, more particularly, to a system and method for allowing 
dynamic random access memory devices to be used as cache 
memory. 

BACKGROUND OF THE INVENTION 

[0002] Memory devices are used in a Wide variety of 
applications, including computer systems. Computer sys 
tems and other electronic devices containing a microproces 
sor or similar device typically include system memory, 
Which is generally implemented using dynamic random 
access memory (“DRAM”). The primary advantage of 
DRAM is that it uses relatively feW components to store 
each bit of data, and is thus relatively inexpensive to provide 
relatively high capacity system memory. A disadvantage of 
DRAM, hoWever, is that their memory cells must be peri 
odically refreshed. While a memory cell is being refreshed, 
read and Write accesses to other roWs in the memory array 
are blocked. The need to refresh memory cells does not 
present a signi?cant problem in most applications, but it can 
prevent their use in applications Where immediate access to 
memory cells is required or highly desirable. 

[0003] Also included in many computer systems and other 
electronic devices is a cache memory. The cache memory 
stores instructions and/or data (collectively referred to as 
“data”) that is frequently accessed by the processor or 
similar device, and may be accessed substantially faster than 
data can be accessed in system memory. It is important for 
the processor or similar device to be able to access the cache 
memory as needed. If the cache memory cannot be accessed 
for a period, the operation of the processor or similar device 
must be halted during this period. Cache memory is typically 
implemented using static random access memory 
(“SRAM”) because such memory need not be refreshed and 
is thus alWays accessible for a Write or a read memory 
access. HoWever, a signi?cant disadvantage of SRAM is that 
each memory cell requires a relatively large number of 
components, thus making SRAM data storage relatively 
expensive. It Would be desirable to implement cache 
memory using DRAM because high capacity cache memo 
ries could then be provided at relatively little cost. HoWever, 
a cache memory implemented using DRAMs Would be 
inaccessible at certain times during a refresh of the memory 
cells in the DRAM. For example, during refresh of a roW of 
memory cells, it Would be impossible to read data from or 
Write data to other roWs of memory cells. As a result of these 
problems, DRAMs have not generally been considered 
acceptable for use as cache memory or for other applications 
requiring immediate access to memory. 

[0004] Attempts have been made to use DRAM as cache 
memory, but these attempts have not been entirely success 
ful in solving the refresh problem so that these prior art 
devices are not alWays available for a memory access. These 
prior art devices have attempted to “hide” memory refreshes 
by including a small SRAM to store one or more roWs of 
DRAM data during refresh of a roW being addressed. 
HoWever, in practice, there are still some memory access 

Sep. 23, 2004 

situations in Which these prior art devices may not be 
accessed, thus suspending the operation of a processor or 
similar device. 

[0005] There is therefore a need for a DRAM that effec 
tively hides memory refresh under all memory access situ 
ations so that the DRAM may provide relatively inexpen 
sive, high capacity cache memory. 

SUMMARY OF THE INVENTION 

[0006] A method of caching data and a cache system that 
may be used in a computer system includes a DRAM having 
a plurality of refresh blocks and a pair of SRAMs having a 
capacity of at least the capacity of the refresh blocks. If a 
block of the DRAM to Which data is attempting to be Written 
is being refreshed, the data is instead Written to one of the 
SRAMs. When the refresh of that block has been completed, 
the data is transferred from the SRAM to a block of the 
DRAM to Which data Was attempted to be Written. If a block 
to Which data is attempting to be Written is being refreshed 
and data is being transferred from the one SRAM to a block 
of the DRAM, the data is instead Written to the other SRAM. 
As a result, there is alWays one SRAM available into Which 
data may be Written if a refresh block to Which the Write Was 
directed is being refreshed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a block diagram of a computer system 
containing a cache memory in accordance With one embodi 
ment of the invention. 

[0008] FIG. 2 is a block diagram of a cache system that 
may be used as a cache memory in the computer system of 
FIG. 2 in accordance With one embodiment of the invention. 

[0009] FIG. 3, is a diagram conceptually illustrating a 
DRAM and SRAM arrays shoWn in the cache system of 
FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] FIG. 1 is a block diagram of a computer system 10 
that includes a processor 12 for performing various com 
puting functions by executing softWare to perform speci?c 
calculations or tasks. The processor 12 is coupled to a 
processor bus 14 that normally includes an address bus, a 
control bus, and a data bus (not separately shoWn). In 
addition, the computer system 10 includes a system memory 
16, Which is typically dynamic random access memory 
(“DRAM”). As mentioned above, using DRAM at the 
system memory 16 provides relatively high capacity at 
relatively little expense. The system memory 16 is coupled 
to the processor bus 14 by a system controller 20 or similar 
device, Which is also coupled to an expansion bus 22, such 
as a Peripheral Component Interface (“PCI”) bus. A bus 26 
coupling the system controller 20 to the system memory 16 
also normally includes an address bus, a control bus, and a 
data bus (not separately shoWn), although other architectures 
can be used. For example, the data bus of the system 
memory 16 may be coupled to the data bus of the processor 
bus 14, or the system memory 16 may be implemented by 
a packetiZed memory (not shoWn), Which normally does not 
include a separate address bus and control bus. 

[0011] The computer system 10 also includes one or more 
input devices 34, such as a keyboard or a mouse, coupled to 
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the processor 12 through the expansion bus 22, the system 
controller 20, and the processor bus 14. Also typically 
coupled to the expansion bus 22 are one or more output 
devices 36, such as a printer or a video terminal. One or 
more data storage devices 38 are also typically coupled to 
the expansion bus 22 to alloW the processor 12 to store data 
or retrieve data from internal or external storage media (not 
shoWn). Examples of typical storage devices 38 include hard 
and ?oppy disks, tape cassettes, and compact disk read-only 
memories (CD-ROMS). 

[0012] The processor 12 is also typically coupled to cache 
memory 40 through the processor bus 14. In the past, the 
cache memory 40 Was normally implemented using static 
random access memory (“SRAM”) because such memory is 
relatively fast, and does not require refreshing and may thus 
alWays be accessed. HoWever, as explained above, using 
SRAM for the cache memory 40 is a relatively expensive 
means for providing a relatively high capacity because of the 
large number of components making up each SRAM storage 
cell compared to the number of components in each DRAM 
storage cell. 

[0013] According to one embodiment of the invention, the 
cache memory 40 shoWn in FIG. 1 is implemented using a 
cache system 50, an example of Which is shoWn in FIG. 2. 
The cache system 50 includes components normally found 
in a DRAM, including an address decoder 52 receiving 
addresses through an address bus 53, a roW driver circuit 54 
adapted to receive roW addresses from the address decoder 
52, and a column driver circuit 56 adapted to receive column 
addresses from the address decoder 52. The roW driver 
circuit 54 is coupled to Word lines (not shoWn) in a memory 
array 60, and the column driver circuit 56 is coupled to digit 
lines (not shoWn) in the memory array 60. As shoWn in FIG. 
2, the memory array 60 is either physically or logically 
divided into a plurality of banks 60a-n. Each bank 60a-n is 
divided into one or more refresh blocks, each containing a 
plurality of roWs that are contemporaneously refreshed. The 
column driver 56 is also coupled to a sense ampli?er/Write 
driver circuit 64 to route Write data and read data from and 
to, respectively, a data input/output buffer 66 through an 
internal data bus 68. The data input/output buffer 66 is, in 
turn, coupled to an external data bus 70. As in conventional 
DRAMs, the cache system 50 also includes a control circuit 
72 that includes a command buffer 74 receiving command 
signals through a command bus 76 and generating appro 
priate control signals for controlling the operation of the 
cache system 50. The control circuit 72 also includes a 
refresh controller 78 for refreshing the DRAM array 60 one 
refresh block at a time. 

[0014] Unlike conventional DRAMs, the cache system 50 
also includes tWo SRAM arrays 80, 84 that are each coupled 
to the sense ampli?er/Write driver circuit 64 to access data 
in the DRAM array 60. The SRAM arrays 80, 84 are also 
coupled to the refresh controller 78. The refresh controller 
78 receives addresses from the address decoder 52, and it 
applies addressing and control signals to the roW driver 54. 

[0015] The operation of the command buffer 74, refresh 
controller 78 and the SRAM arrays 80, 84 in relation to the 
other components of the cache system 50 Will noW be 
explained With reference to the diagram of FIG. 3, Which 
conceptually illustrates the DRAM array 60 and the SRAM 
arrays 80, 84 shoWn in FIG. 2. As mentioned above, the 

Sep. 23, 2004 

DRAM array is divided into a plurality of refresh blocks. 
The refresh blocks may be part of the same or different 
banks 60a-n of DRAM memory, or physically different 
DRAM devices. In the embodiment shoWn in FIG. 3, each 
of the refresh blocks 61a-n has a capacity of Y bits, and each 
of the SRAM arrays 80, 84 also has a capacity of Y bits. 
Each of the refresh blocks 61a-n may be individually 
refreshed under control of the refresh controller 78 (FIG. 2). 
The DRAM array 60 has tWice the normal number of 
input/output (“I/O”) lines, Which are con?gured so that tWo 
blocks can be simultaneously accessed. As a result, it is 
possible for data to be read from or Written to one refresh 
block 61a-n of the DRAM array 60 at the same time data are 
being transferred from one of the SRAM arrays 80, 84 to 
another block 61a-n of the DRAM array 60. 

[0016] In operation, a read from a refresh block 61a-n that 
is not being refreshed is read in a conventional manner. 
Similarly, a Write to a block 61a-n that is not being refreshed 
is accomplished in a conventional manner. Thus, no problem 
is presented in either Writing to or reading from a refresh 
block 61a-n that is not being refreshed. In either of these 
cases, data access to the cache system 50 does not require 
any Wait, thus alloWing the cache system 50 to be used as a 
cache memory in place of a typically used SRAM Without 
any performance limitations. 

[0017] The potential problem in accessing the cache sys 
tem 50 is in the event of a read or a Write to a refresh block 

61a-n being refreshed, and, in particular, to a different roW 
than the roW in that block that is being refreshed. The cache 
system 50, preferably the refresh controller 78, may check 
each memory command prior to initiating a refresh in a 
block 61a-n to determine if the memory command is a read. 
If a read command directed to a block 61a-n that is about to 
be refreshed is received, then the refresh is not initiated. In 
this regard, it is assumed that the duration of a refresh is 
shorter than the duration of a memory read operation. Each 
time a read is executed, the read data are Written to one of 
the SRAMs 82, 84. As a result, the read data are subse 
quently accessible in one of the SRAMs 82, 84, thereby 
alloWing the portion of the block 61a-n that stored such data 
to be refreshed despite subsequent reads from that that 
portion. In the case of sequential reads from the roWs of a 
block 61a-n, the reads Will refresh the roWs. 

[0018] In the event a memory access is a Write to a block 
61a-n being refreshed, the Write data is instead Written to 
one of the SRAM arrays 80, 84. When the refresh of the 
block to Which the Write Was directed has been completed, 
the refresh controller 78 starts a refresh of another block 
61a-n of the DRAM array 60. While this subsequent refresh 
is occurring, the data that had been Written to one of the 
SRAM arrays 80, 84 is transferred to the block 61a-n to 
Which the earlier Write Was directed. If, during refresh of the 
second block 61a-n, a read or a Write is directed toWard that 
block 61a-n, then that data is instead stored in the other one 
of the SRAM arrays 80, 84. By the time the refresh of the 
second block 61a-n has been completed, transfer of the data 
from ?rst one of the SRAM arrays 80, 84 to the ?rst block 
61a-n Will have been completed, and that SRAM array 80, 
84 Will be available to store Write data that is subsequently 
directed to any other block 61a-n that is being refreshed. 
Therefore, an SRAM array 80, 84 is alWays available to 
store Write data that is directed to a refresh block 61a-n of 
the memory array 60 that is being refreshed. As a result, data 
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may always be read from or Written to the cache system 50 
Without the need for to Wait for the completion of a refresh 
of any block 61a-n the cache system 50. The cache system 
50 may therefore be used as a cache memory in place of an 
SRAM that is typically used, thereby providing high capac 
ity caching at relatively little cost. 

[0019] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not 
limited eXcept as by the appended claims. 

1. A cache system comprising: 

at least one DRAM array divided into a plurality of 

blocks; 
?rst and second SRAM arrays each having a capacity at 

least as large as the capacity of a block of the DRAM 
array; 

an address decoder coupled to receive a memory address 
and being operable to decode the address and generate 
decoded address signals corresponding thereto; 

an input/output circuit coupled to the DRAM array, the 
SRAM array, and the address decoder, the input/output 
circuit being operable to respond to a ?rst control signal 
by coupling Write data from an external data terminal to 
a location in a block of the DRAM array corresponding 
to the decoded address signals, or to respond to a 
second control signal by coupling Write data from the 
external data terminal to a location in the ?rst or second 
SRAM arrays, or to respond to a third control signal by 
coupling data from one of the SRAM arrays to a 
location in a block of the DRAM array corresponding 
to the decoded address signals; and 

a control circuit coupled to the DRAM array, the SRAM 
array, the address decoder, and the input/output circuit, 
the control circuit being operable to refresh the DRAM 
array one block at a time, the control circuit further 
being operable to generate the ?rst control signal When 
the block of the DRAM array corresponding to the 
decoded address signals is not being refreshed, to 
generate the second control signal When the block of 
the DRAM array corresponding to the decoded address 
signals is being refreshed, to generate the third control 
signal When the block of the DRAM array that Was 
being refreshed When the data Was stored in the SRAM 
array is no longer being refreshed. 

2. The cache system of claim 1 Wherein the control circuit 
comprises: 

a refresh controller coupled to the DRAM array, the 
refresh controller being operable to refresh the DRAM 
array one block at a time; and 

a control buffer structured to receive a memory command 
and to generate the ?rst, second and third control 
signals corresponding thereto. 

3. The cache system of claim 1 Wherein the block of 
DRAM array are physically part of a single DRAM array. 

4. The cache system of claim 1 Wherein the an input/ 
output circuit comprises a plurality of complimentary input/ 
output line pairs, the input/output lines being sufficient in 
number that a ?rst pair of input/output lines may be coupled 
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to one block of the DRAM array While a second pair of 
input/output lines may be coupled to another block of the 
DRAM array. 

5. A cache system comprising: 

at least one DRAM array divided into a plurality of 

blocks; 
?rst and second SRAM arrays each having a capacity at 

least as large as the capacity of a block of the DRAM 
array, the SRAM arrays being coupled to the DRAM 
array for direct transfer of data from either of the 
SRAM arrays to any block of the DRAM array if the 
block of the DRAM array is not being refreshed; and 

an input/output circuit coupled to the DRAM array and 
the SRAM array, the input/output circuit being oper 
able to store Write data in a block of the DRAM array 
to Which the Write data Was directed, and to store Write 
data directed to any block of the DRAM array in either 
of the SRAM arrays if the block to Which the Write data 
Was directed is being refreshed. 

6. The cache system of claim 5 Wherein the block of 
DRAM array are physically part of a single DRAM array. 

7. The cache system of claim 5 Wherein the an input/ 
output circuit comprises a plurality of complimentary input/ 
output line pairs, the input/output lines being suf?cient in 
number that a ?rst pair of input/output lines may be coupled 
to one block of the DRAM array While a second pair of 
input/output lines may be coupled to another block of the 
DRAM array. 

8. A computer system, comprising: 

a processor having a processor bus; 

an input device coupled to the processor through the 
processor bus and adapted to alloW data to be entered 
into the computer system; 

an output device coupled to the processor through the 
processor bus adapted to alloW data to be output from 
the computer system; and 

a system controller coupled to the processor bus; 

a system memory coupled to the processor through the 
system controller; and 

a cache system coupled to the processor bus, the cache 
system comprising: 

at least one DRAM array divided into a plurality of 

blocks; 
?rst and second SRAM arrays each having a capacity 

at least as large as the capacity of a block of the 
DRAM array; 

a data transfer circuit coupled to the DRAM array and 
the SRAM array, the data transfer circuit being 
operable to respond to a ?rst control signal by 
coupling Write data to the ?rst or second SRAM 
arrays, or to respond to a second control signal by 
coupling data from one of the SRAM arrays to a 
location in a block of the DRAM; and 

a control circuit coupled to the DRAM array and the 
SRAM array, the control circuit being operable to 
refresh the DRAM array one block at a time, the 
control circuit further being operable to generate the 
?rst control signal When the block of the DRAM 
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array to Which Write data is being directed is being 
refreshed, and to generate the second control signal 
When the block of the DRAM array that Was being 
refreshed When the data Was stored in the SRAM 
array is no longer being refreshed. 

9. The computer system of claim 8 Wherein the control 
circuit comprises: 

a refresh controller coupled to the DRAM array, the 
refresh controller being operable to refresh the DRAM 
array one block at a time; and 

a control buffer structured to receive a memory command 
and to generate the ?rst, second and third control 
signals corresponding thereto. 

10. The computer system of claim 8 Wherein the block of 
DRAM array are physically part of a single DRAM array. 

11. The computer system of claim 8 Wherein the an 
input/output circuit comprises a plurality of complimentary 
input/output line pairs, the input/output lines being suf?cient 
in number that a ?rst pair of input/output lines may be 
coupled to one block of the DRAM array While a second pair 
of input/output lines may be coupled to another block of the 
DRAM array. 

12. A computer system, comprising: 

a processor having a processor bus; 

an input device coupled to the processor through the 
processor bus and adapted to alloW data to be entered 
into the computer system; 

an output device coupled to the processor through the 
processor bus adapted to alloW data to be output from 
the computer system; and 

a system controller coupled to the processor bus; 

a system memory coupled to the processor through the 
system controller; and 

a cache system coupled to the processor bus, the cache 
system comprising: 

at least one DRAM array divided into a plurality of 

blocks; 
?rst and second SRAM arrays each having a capacity 

at least as large as the capacity of a block of the 
DRAM array; 

an input/output circuit coupled to the DRAM array and 
the SRAM array, the input/output circuit being oper 
able to Write data directed to any block of the DRAM 
array in either of the SRAM arrays if the block to 
Which the Write data Was directed is being refreshed; 
and 

a control circuit coupled to the DRAM array and the 
SRAM array, the control circuit being operable to 
cause either of the SRAM arrays to transfer data 
stored in the SRAM array to any block of the DRAM 
array if the block of the DRAM array is no longer 
being refreshed. 

13. The computer system of claim 12 Wherein the block 
of DRAM array are physically part of a single DRAM array. 

14. The computer system of claim 12 Wherein the an 
input/output circuit comprises a plurality of complimentary 
input/output line pairs, the input/output lines being suf?cient 
in number that a ?rst pair of input/output lines may be 
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coupled to one block of the DRAM array While a second pair 
of input/output lines may be coupled to another block of the 
DRAM array. 

15. A method of caching data, comprising: 

providing a DRAM having a plurality of blocks each of 
Which may be refreshed; 

providing ?rst and second SRAMs having a capacity of at 
least the capacity of the DRAM blocks; 

addressing a ?rst block of the DRAM in an attempt to 
Write data into the ?rst block of the DRAM; 

if the ?rst block of the DRAM is being refreshed during 
the attempt, Writing the data into the ?rst SRAM; 

after the ?rst block of the DRAM is no longer being 
refreshed, transferring data stored in the ?rst SRAM to 
the ?rst block of the DRAM; 

addressing a second block of the DRAM in an attempt to 
Write data into the second block of the DRAM; 

if the second block of the DRAM is being refreshed 
during the attempt, and data is being transferred from 
the ?rst SRAM to the ?rst block of the DRAM, Writing 
the data into the second SRAM; and 

after the second block of the DRAM is no longer being 
refreshed, transferring data stored in the second SRAM 
to the second block of the DRAM. 

16. The method of claim 15 further comprising Writing 
data into the ?rst SRAM if the second block of the DRAM 
is being refreshed during the attempt to Write the data into 
the second block and data is not being transferred from the 
?rst SRAM to the ?rst block of the DRAM. 

17. The method of claim 15 further comprising Writing the 
data into the ?rst of the DRAM if the ?rst block of the 
DRAM is not being refreshed during the attempt. 

18. The method of claim 15 further comprising: 

addressing a third block of the DRAM in an attempt to 
Write data into the third block of the DRAM; 

if the third block of the DRAM is being refreshed during 
the attempt, and data is being transferred from the 
second SRAM to the second block of the DRAM, 
Writing the data into the ?rst SRAM; and 

after the third block of the DRAM is no longer being 
refreshed, transferring data stored in the ?rst SRAM to 
the third block of the DRAM. 

19. The method of claim 15 further comprising: 

addressing a ?rst block of the DRAM in an attempt to read 
data from the ?rst block of the DRAM; and 

outputting data from the ?rst block of the DRAM. 
20. The method of claim 19 Wherein the act of outputting 

data from the ?rst block of the DRAM is accomplished 
regardless of Whether or not the ?rst block of memory is 
being refreshed. 

21. The method of claim 15 further comprising: 

addressing the ?rst block of the DRAM in an attempt to 
read data from the ?rst block of the DRAM; and 

outputting data from the ?rst block of the DRAM; and 

caching the data output from the ?rst block of the DRAM 
in the ?rst SRAM. 
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22. The method of claim 21 further comprising 

addressing the ?rst block of the DRAM in an attempt to 
read data from the ?rst block of the DRAM; and 

outputting data from the ?rst block of the ?rst SRAM. 
23. A method of caching data, comprising: 

providing a DRAM having a plurality of blocks each of 
Which may be refreshed; 

providing ?rst and second SRAMs having a capacity of at 
least the capacity of the DRAM blocks; 

sequentially attempting to Write data to blocks of the 
DRAM; 

if a block to Which data is attempting to be Written is being 
refreshed, Writing the data to one of the SRAMs; 

When the refresh of a block has been completed, trans 
ferring data from the SRAM to Which the data had been 
Written to a block of the DRAM to Which data Was 
attempted to be Written; and 

if a block to Which data is attempting to be Written is being 
refreshed and data is being transferred from the one 
SRAM to a block of the DRAM, Writing the data to the 
other SRAM. 

Sep. 23, 2004 

24. The method of claim 23 further comprising, if the 
block to Which data is attempting to be Written is not being 
refreshed, Writing the data to the block of the DRAM. 

25. The method of claim 23 further comprising: 

attempting to read data from a block of the DRAM; and 

outputting data from the block of the DRAM to Which an 
attempt to read data is directed. 

26. The method of claim 25 Wherein the act of outputting 
data from the block of the DRAM is accomplished regard 
less of Whether or not the block of memory is being 
refreshed. 

27. The method of claim 25 further comprising: 

attempting to read data from a block of the DRAM; 

outputting data from the block of the DRAM to Which an 
attempt to read data is directed and 

caching the data output from the block of the DRAM in 
one of the SRAMs. 


